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Edited by Christian GriesingerAbstract Among the extracts from 420 kinds of herbs, Prunus
salicina, showing the highest glucosyltransferase inhibition activ-
ity, was puriﬁed and designated GTI-0163. Structural determi-
nation of GTI-0163 revealed it to be an oleic acid-based
unsaturated fatty acid. GTI-0163 was an uncompetitive inhibitor
of GTase. Among the unsaturated fatty acids, oleic acid showed
a signiﬁcantly higher GTase inhibitory activity than the satu-
rated fatty acids or the ester form of oleic acid. These results
strongly suggested that both the number of double bonds and
the existence of free carboxyl groups of fatty acids play an
important role in GTase inhibitory activity.
 2007 Federation of European Biochemical Societies. Pub-
lished by Elsevier B.V. All rights reserved.
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salicina1. Introduction
Glucosyltransferase (GTase; sucrose 6-glucosyltransferase,
EC 2.4.1.5) is produced mainly by Streptococcus mutans (S.
mutans) and Streptococcus sobrinus (S. sobrinus), which are
major causative agents of dental caries. Mutans strepcococci
grow inside the oral cavity and transfer sucrose to insoluble
adhesive glucans. Insoluble adhesive glucans, in turn, attach
to the surface of the teeth while oral bacteria produce organic
acids that break down the enamel of the tooth surface. This
process is recognized as the primary stage of cavity develop-
ment. Therefore, mutans streptococci and GTase should be
the primary targets in the pathogenesis of dental caries [1].
There are several approaches to preventing the formation of
tooth cavities, such as inhibiting the growth of mutans strepto-
cocci, dismantling and dissolution of insoluble glucans, and
suppression of glucan formation by GTase inhibition [2–4].
Using GTase inhibitors is considered to be a useful means of
preventing glucan formation without disturbing the balance
of helpful oral bacteria. Recent studies have demonstrated
the GTase inhibitory activity of natural sources such as prop-
olis and oolong tea polyphenols [5,6]. A glycoprotein, named*Corresponding author. Address: Division of Biotechnology, Kang-
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doi:10.1016/j.febslet.2007.09.045mutastein, was an eﬀective inhibitor of insoluble glucan com-
pounds, which were successfully synthesized [7].
In the present study, we developed an agent that can be used
either as food or a medicine for safely treating decaying teeth.
We screened 420 kinds of herbs and focused on Prunus salicina,
which showed the highest GTase inhibitory and antibacterial
activities. The GTase inhibitor from P. salicina was puriﬁed,
and its structure and inhibitory activities were investigated.2. Materials and methods
2.1. Materials
The 420 kinds of herbs were purchased from a local wholesale
medicinal herb store. Each of the powdered herbs (1 g) was extracted
by 70% ethanol (10 ml) for 24 h at room temperature, and these ex-
tracts were used to test GTase inhibitory and antibacterial activities.
S. mutans KCTC 3289 was obtained from the KIST gene bank (KIST,
Korea). To obtain GTase, S. mutans was grown in brain-heart infusion
(Difco Laboratories, Detroit, MI, USA) cultures anaerobically at
37 C for 48 h. After the culturing, the cells were removed by centrifu-
gation at 5000 · g for 10 min at 4 C. Ultraﬁltration of the supernatant
was carried out with a Biomax 8 (Millipore, Billerica. Mass., USA).
The concentrated supernatants were formulated up to 200 ml, followed
by dialysis against 50 mM of potassium phosphate buﬀer (pH 6.9) at
4 C. This was stored at 80 C in order to be used as the GTase.2.2. Puriﬁcation of GTase inhibitor
The P. salicina (50 g) was ground and exhaustively extracted with
n-hexane (500 ml · 2) for 24 h at room temperature. The extract was
partitioned further with 70% ethanol and evaporated on a rotary
evaporator. The concentrate was loaded onto a silica gel column
(3.0 · 20 cm) and eluted with n-hexane:methanol:ethyl acetate
(5:0.5:0.5, v/v/v, total volume 800 ml). The active fractions were then
collected and concentrated in vacuo. Subsequently, the active fractions
were dissolved in n-hexane and then loaded onto a silica gel column
(3.0 · 50 cm) and eluted with n-hexane:methanol:ethyl acetate
(5:0.5:0.5, v/v/v, total volume 1500 ml). The fractions were monitored
by a thin layer chromatography (TLC) and measured for their GTase
inhibitory activity. The TLC was performed on precoated 0.2 mm
thick Kieselegel 60 F254 plates (Merck, Darmstadt, Germany) with
n-hexane:methanol:ethyl acetate (5:1:1, v/v/v). Compounds were
detected by spraying with 10% sulfuric acid, and followed by heating.2.3. GTase inhibition assay
A reaction mixture containing 8.4% sucrose, GTase solution
(1.27 U), 50 mM of potassium phosphate buﬀer (pH 6.9) and P. salicina
extract was incubated at 37 C for 30 min. After incubation, an equal
volume of methanol was added to stop the reactions. The mixture
was cooled for 10 min and centrifuged for 10 min at 6000 · g to pellet
the reaction product, insoluble glucan. The pellets were washed with
1 ml of distilled water and 1 ml of 70% methanol. 200 ll of distilled
water and 800 ll of anthrone reagent (200 mg anthrone/100 ml
H2SO4) were added and boiled for 10 min at 100 C. The absorptionblished by Elsevier B.V. All rights reserved.
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we used extracting solvent in place of the inhibitor. The inhibitory activ-
ity (%) was calculated by using the following formula:
inhibition rate ð%Þ ¼ 1 B
A
 
 100
where A is the absorption of the control, and B is the absorption of the
sample with the inhibitor. One unit of GTase activity was deﬁned as
the amount of GTase that released 1.0 lmol of glucose per minute
from sucrose. From our results, the GTase activity of the crude enzyme
preparation was 1.27 U/ml.0
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Fig. 1. Lineweaver-Burk plot of the glucosyltransferase inhibition by
oleic acid and linoleic acid. (A) Oleic acid: d, 1.8 mM; n, 0.9 mM; m,
0.4 mM; r, 0 mM. (B) Linoleic acid: d, 1.8 mM; n, 0.9 mM; m,
0.4 mM; r, 0 mM. Each value indicated is the mean of three
replicates ± standard deviations. Inset (s, h), intercept replot of A
and B vs, respectively. The v intercept gives the negative value of Ki.3. Results
3.1. Screening of GTase inhibitor
We investigated the GTase inhibitory eﬀect of a 70% ethanol
extract from the 420 herbs. Comparably higher GTase inhibi-
tory activity was found in pine pollen, Perilla irutescens, Perilla
frutescens var.,Broussonetia papyriferaL.,Ricinus communisL.,
Cassia obtusifolia L., Zizyphus jujuba, Torilis japonica, Arisa-
ema amurense, Prunus salicina L., Coix lacrymajobi L., Ginkgo
biloba L., and Phaseolus angularis. We also examined the
antibacterial eﬀects and the thermal and pH stability of the
samples showing inhibitory activity. Among them, the P. salici-
na extract showed the highest antibacterial activity, and was
stable to high temperature and acidic conditions; we therefore
focused on this extract for further GTase inhibition analysis.
3.2. Structural analysis of GTI-0163
The puriﬁed GTase inhibitor from P. salicina manifested as
a single band on a TLC and was named GTI-0163. The GTI-
0163 was analyzed by Fourier Transform Infrared Spectro-
scopy (FTIR), showing fatty acid-speciﬁc absorption peaks
as follows: O–H 3500–2500 cm1, C‚C–H’s C–H at
3005 cm1, asymmetric CH2 at 2924, symmetric CH2 at
2854 cm1, C‚O at 1710 cm1, and CH3 at 1409 cm
1. The
spectrum of GTI-0163 was compared with those of substrate
unsaturated fatty acids, and was found to have the same spec-
trum as oleic acid. Therefore, we analysed GTI-0163 using
TLC, and it was detected the same position as fatty acids.
Gas chromatography of the methyl ester derivative of GTI-
0163 showed that its components were 5.0% palmitic acid,
65.2% oleic acid and 29.2% linoleic acid. The gas chromato-
graphy identiﬁed mass fragment patterns of the two main
peaks were of oleic acid and linoleic acid. We also analysed
GTI-0163 by 1H NMR and the results are as follows.
1H NMR (400 MHz, CDCl3)
Oleic acid: d 5.36–5.32 (m, 2H), 2.35 (t, J = 7.49 Hz, 2H), 2.02–
2.00 (m, 4H), 1.65–1.60 (m, 2H), 1.31–1.27 (m, 20H), 0.90–0.86
(m, 3H) ppm.
Linoleic acid: d 5.39–5.31 (m, 4H), 2.77 (t, J = 6.50 Hz, 2H),
2.35 (t, J = 7.47 Hz, 2H), 2.08–2.02 (m, 4H), 1.65–1.62 (m,
2H), 1.37–1.27 (m, 14H), 0.97–0.87 (m, 3H) ppm.
GTI-0163: major peak, d 5.38–5.32 (m, 2H), 2.35 (t,
J = 7.50 Hz, 2H), 2.06–2.00 (m, 4H), 1.65–1.60 (m, 2H),
1.31–1.26 (m, 20H), 0.90–0.86 (m, 3H) ppm. Minor peak, d
5.38–5.32 (m, 4H), 2.77–2.76 (m, 2H), 2.35 (t, J = 7.50 Hz,
2H), 2.06–2.00 (m, 4H), 1.65–1.60 (m, 2H), 1.31–1.26 (m,
14H), 0.90–0.86 (m, 3H) ppm.
From these results, we concluded that the GTI-0163 was a
mixture of unsaturated fatty acid, with a 2:1 ratio of oleic acid
to linoleic acid. In light of this ﬁnding, we performed a new
puriﬁcation of P. salicina based on the characteristics of itsconstituent fatty acids. We extracted 50 g of P. salicina over
24 h with 500 ml of 70% ethanol, adjusted the pH to 10 with
KOH, and removing the upper solution after partitioning with
n-hexane. The lower solution was then pH-adjusted to 2 with
HCl, and was removed after partitioning with n-hexane. The
upper solution was examined for GTase inhibitory activity,
which was almost the same as the GTI-0163. From this result,
we conﬁrmed that the P. salicina extract had fatty acid charac-
teristics.
3.3. Activity of GTase inhibitor
To determine the aﬃnity of GTI-0163 for GTase, we exam-
ined its inhibitory activity using diﬀerent concentrations of
oleic acid and linoleic acid respectively, and plotted the results
as a Lineweaver–Burk plot. As shown in Fig. 1, both oleic acid
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to the enzyme substrate complex, not to the free enzyme. Since
GTI-0163 is a mixture of unsaturated fatty acids, we examined
the GTase inhibitory activities of various fatty acids: palmitic
acid, oleic acid, linoleic acid, linolenic acid, GTI-0163 and oleic
acid mixed with linoleic acid (2:1) (Table 1). The GTase inhib-
itory activity of GTI-0163 was almost the same as that of oleic
acid mixed with linoleic acid (2:1), and similar to that of unsat-
urated fatty acids with one or two double bonds, rather than
saturated fatty acids.
3.4. GTase inhibitory eﬀect of oleic acid derivative
To investigate the fatty acid conﬁguration required for
GTase inhibitory activity, we compared oleic acid, which
showed the highest GTase inhibitory activity in this study,
with modiﬁed forms such as oleic acid methyl ester and trio-
lein. Oleic acid showed a 42.4% inhibition rate at 0.05 mM,
whereas oleic acid methyl ester and triolein showed lesser inhi-
bition eﬀects at the same concentration (Table 2). The results
indicated that the carboxyl group of fatty acid plays an impor-
tant role in GTase inhibitory activity.4. Discussion
Diﬀerent strategies for the prevention of dental caries
caused by cariogenic bacteria, such as repression of theTable 1
Eﬀect of various fatty acids and GTI-0163 on GTase
Compounds Concentration (mM) Inhibition (%)
Palmitic acid (C16:0) 0.10 16.6 ± 2.1
0.05 9.8 ± 1.3
0.03 3.8 ± 0.4
Oleic acid (C18:1) 0.10 58.3 ± 2.9
0.05 42.4 ± 2.6
0.03 30.8 ± 1.7
Linoleic acid (C18:2) 0.10 37.0 ± 2.4
0.05 22.5 ± 2.2
0.03 10.2 ± 1.2
Linolenic acid (C18:3) 0.10 26.5 ± 2.3
0.05 16.2 ± 2.5
0.03 7.3 ± 0.9
GTI-0163 0.10 43.1 ± 2.8
0.05 31.0 ± 2.3
0.03 17.1 ± 1.6
Oleic acid: linoleic
acid (2:1)
0.10 47.4 ± 2.5
0.05 34.5 ± 2.0
0.03 21.7 ± 2.1
Each value indicated is the mean of three replicates ± standard devi-
ations.
Table 2
Eﬀect of oleic acid, oleic acid methyl ester and triolein
Compounds Concentration (mM) Inhibition (%)
Oleic acid 0.05 42.4 ± 2.6
Oleic acid methyl ester 0.05 16.8 ± 2.1
Triolein 0.05 26.3 ± 2.3
Each value indicated is the mean of three replicates ± standard devi-
ations.growth of S. mutans [8], inhibition of GTase activity [9],
and hydrolysis of glucans by enzymes [10], have been devel-
oped. Although control of cariogenic bacteria by antibiotics
is an eﬀective treatment, the facts that antibiotic resistance
has increased and that antibiotic treatment entails some
undesirable side eﬀects means that we need to study medici-
nal plants as alternative to antibiotics treatment. Many dem-
onstrated GTase inhibitors have been found in various
materials from herbs [11,12] or fruits [13–15]. Besides all of
these alternatives, there remain many other possibilities for
eﬀective GTase inhibitor, as many potentially useful func-
tional herbs have not yet been tested. Therefore, in our
study, some of the functional ethanol extracts from about
420 kinds of herbs were evaluated for their GTase inhibitory
and antibacterial activities. Among those extracts, P. salicina
was found to be the most eﬀective GTase inhibitor and
shown the highest antibacterial activity. Furthermore, it
was demonstrated to be stable at high temperature and acidic
conditions.
In this study, GTI-0163 from P. salicina, based on oleic acid
and linoleic acid in a ratio of 2:1, was uncompetitive in its
GTase inhibitory activity (Fig. 1). Ki values of oleic acid and
linoleic acid were 0.27 mM and 0.93 mM, respectively. We
compared GTI-0163 with other fatty acids. According to the
results, GTase was inhibited by the unsaturated fatty acids
with one or two double bonds rather than by saturated fatty
acids or unsaturated fatty acids with more than three double
bonds (Table 1). The results also indicated that the more dou-
ble bonds unsaturated fatty acid has, the lesser the GTase
inhibitory activity it manifests.
We also examined the antibacterial eﬀect on S. mutans of
GTI-0163 and oleic acid. Both GTI-0163 and oleic acid had
a signiﬁcant eﬀect on bacterial growth. The pH of the culture
remained stable at 7.0. In the control, by contrast, cell growth
was not inhibited, and pH of the culture fell to 5.3 as S. mutans
(data not shown).
To investigate this structure–activity relationship, oleic acid
was compared with triolein and oleic acid methyl ester. The
GTase inhibitory activity of oleic acid was signiﬁcantly higher
than that of oleic acid methyl ester or triolein (Table 2). This
data clearly shows that the carboxyl group of fatty acid is cru-
cial to their GTase inhibitory activity.
In conclusion, it was found that saturated and unsaturated
fatty acids express GTase inhibitory activity diﬀerently. The
GTase inhibitory activity of unsaturated fatty acid with one
or two double bonds is much more eﬀective than saturated
fatty acid. Speciﬁcally, we found that the P. salicina extract
named GTI-0163, an unsaturated fatty acid based on oleic
acid and linoleic acid, eﬀectively, uncompetitively inhibited
GTase and showed an antibacterial activity as well. This pa-
per is the ﬁrst report that unsaturated fatty acids can eﬀec-
tively control the factors causing tooth decay by inhibiting
GTase activity. Moreover, oleic acid is widespread in nature
and abundantly available in a highly pure state from the oil
industry. For this reasons, unsaturated fatty acid such as
oleic acid is promising agent for preventing dental caries
eﬀectively.Acknowledgements: This research was supported by the Program for
the Training of Graduate Students in Regional Innovation which
was conducted by the Ministry of Commerce Industry and Energy
of Korean Government.
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